The effect of microstructural changes on the ductile-brittle transition temperature (DBTT) was studied in a titanium-gettered Fe-8Ni-2Mn-0.15Ti alloy. A fairly strong grain size dependence of the transition temperature, 8°C/mm-l/Z, was found. Grain size refinement from 38~m (ASTM #6.5) to l.S~m (ASTM #15.5).through a four-step thermal treatment lowered the transition temperature by 162°C. A small amount of retained austenite was introduced into this grain-refined microstructure, and the transition temperature was reduced by an additional 12~150°C.
ABSTRACT
The effect of microstructural changes on the ductile-brittle transition temperature (DBTT) was studied in a titanium-gettered Fe-8Ni-2Mn-0.15Ti alloy. A fairly strong grain size dependence of the transition temperature, 8°C/mm-l/Z, was found. Grain size refinement from 38~m (ASTM #6.5) to l.S~m (ASTM #15.5).through a four-step thermal treatment lowered the transition temperature by 162°C. A small amount of retained austenite was introduced into this grain-refined microstructure, and the transition temperature was reduced by an additional
12~150°C.
The reduction of the DBTT due to retained austenite was smaller when the austenite was in a large-grained structure (64°C). The distribution and stability of retained austenite were also studied. Fe-Ti-Al alloys. 4 5 Recently Jin, et al.
• were able to suppress the transition temperature of a titanium-gettered ferritic Fe-12Ni alloy to below liquid helium temperature by obtaining an ultrafine grain size' through thermal cycling.
The reports on the effect of retained austenite on the mechanical properties of ferritic (or martensitic) steels· are somewhat contradictory. A beneficial effect of retained austenite on tensile ductility 6 7 8 in maraging-type steels has been reported. ' Rack, et al. and 7 Pampillo, et al., however, found little benefit in impact toughness from retained austenite. In 9-Ni stee1 9 and 6-Ni stee1, 10 the supression of the DBTT and the improved low-temperature toughness were attributed to the presence of retained austenite formed during tempering. Recently Hwang 11 observed a considerable increase in tensile ductility and impact toughness by introducing retained austenite into a fine grained Fe-Ni-Ti cryogenic alloy, but little improvement was found in fracture toughness.
* The term "interstitial-free iron" is conunonly used in reference to titanium-gettered or aluminum-and titanium-gettered iron-base alloys.
It does not represent an alloy which is completely free of interstitial species.
-2-In many of the previous studies the accompanying effect of reduced strength during the formation of retained austenite has been neglected.
This paper examines the influence of grain size and retained austenite
. at similar strength levels on the tensile ductility and the ductilebrittle transition of a titanium-gettered Fe-8Ni-2Mn-0.15Ti alloy.
MATERIALS . AND EXPERUIENTAL PROCEDURE
Two twenty-pound ingots were prepared by induction melting under argon gas atmosphere. The compositions are shown in Table I . The ingots were homogenized under vacuum at 1200°C for 24 hours and furnace cooled, and then upset cross-forged at 1100°C to 10 em wide by 1.3 em thick plates. These plates were annealed at 900°C for 1 hour under argon gas to remove prior deformation strain and air cooled. This annealed material has a grain size of 38vm diameter and is designated as AN. At least three specimens were tested to obtain each datum in tensile and impact tests.
RESULTS AND DISCUSSIONS (a) Phase Transformation and Microstructures
The phase transformation of the Fe-8Ni-2Mn-0.15Ti alloy were studied'by dilatometric analysis for rough estimation of proper heat
treating temperatures of grain refinement. Transformation temperatures at a heating and cooling rate of ~l3°C/min. were determined as follows:
austenization and cooling to room temperature, the substructure of this alloy was quite similar to that of a typical dislocated Fe-Ni marten-. 15 site, as shown in Fig. 1 . Grain size refinement was achieved through
an alternate thermal cycling in the y range ;and the (a+y) two-phase range, as shown schematically in Fig. 2 . The appropriate heat treating temperature and time for each steD were determined by careful dilatometric and metallographic analyses. After an annealing treatment at 900°C for.l hour (designated as AN), the alloy was reannealed in they range (labelled as lA) and then transformed isothermally in the (a+y)
two-phase range. The latter two steps were repeated and a very finegrained microstructure (labelled 2B) was obtained, as shown in Fig. 3 .
After the first reannealing treatment (lA), the aver~ge grain size was reduced to 38JJm to 12llm in diameter. After the treatment 2B a grain size as fine as ~l.Sllm was obtained. Additional steps of thermal cycling refine the grain size further but the effect is rather small.
Retained austenite was introduced by an·additional heat treating step at either 550°C (represented by a suffix r) or 600°C (suffix R) for 2 hours followed by a water quench. Introduction of retained austenite apparently .does not change the grain size very much, as can be seen in Table II . Also included in the table are the tensile properties of a large-grained specimen whichcontains retained austenite (labelled lAr: the microstructure lA was given an additional treatment at 550°C for 2 hours). The purpose of this treatment was to separate the effect of retained austenite from that due to grain refinement. While the yield strengths varied only slightly on thermal cycling (except specimen 2BR which showed rv6 to 13 ksi (4lrv90 MPa) lower yield strength than the other microstructures), considerable changes occurred 'in tensile ductility. Because of· grain refinement, the ductility (measured by reduction in area) improved from 45 pet. to 69 pet. The introduction of retained austenite further increased it to 73rv75 pet. A similar improvement was also observed in tensile elongation, as shown in Table II .
The microstructure lAr, in which approximately 3 pet. of stable retained austenite was detected in X-ray analysis, exhibited a much better tensile ductility than the microstructure lA, as can be noticed in Table II . This indicates that retained austenite alone also improves the tensile ductility considerably without grain refinement. A yield point was observed in this titanium-gettered alloy heat treated at 550°C
(specimens 2Br and lAr) and tested at -196°C 1 as shown in stress-strain curves, Fig.· 6 . The yield point, however, disappeared on tensile testing at room temperature (also shown in Fig. 6 ). These observations suggest that an insufficient t!1ermal activation at -196°C might have required additional stress for the dislocations to tear away from a solute atom atmosphere or precipitates formed by residual titanium.
This aspect requires further investigation. In Fig. 6 , the progressive increase of tensile ductility and decrease of fracture stress on thermal cycling are also noticeable. (Table I) could also be partially responsible for the high DBTT. The grain size However, considering the experimental inaccuracy frequently involved in measuring the transition temperature or grain size, it seems to be inappropriate to draw any decisive conclusion from the limited data. ; strengths although there is a slight difference in the degree of work hardening (Table II) Clearly more research is needed to clarify the role of retained austenite.
CONCLUSIONS

1)
A fairly strong grain size dependence of the ductile-brittle transi-
tion temperature 8 C mm · was observed in a titanium-gettered
Fe-8Ni-2Mn-0.15Ti alloy. The refinement of grain size through a four-step thermal cycling from 38\.lm to 1. 5lJm lowered the DBTT by
2) The introduction of a small amount of stable retained austenite into a grain-refined alloy lowered the DBTT by an additional
12~150°C.
This effect of retained austenite was more pronounced when it was introduced into a grain-refined alloy than into a large-grained alloy. ... 
